~" Due to its investiture with bone, the spinal cord can be difficult to study anatomically and histologically. Tissue degradation during immersion fixation or mechanical trauma during extraction of unfixed tissue often produces confusing artifacts. Perfusion fixation eliminates many of these problems, but it is a slow, tedious, and technically demanding procedure. This report demonstrates that microwave irradiation of the spinal cord before its removal from the spine is a rapid and easy method of tissue fixation with an absence of artifacts comparable to that with perfusion fixation.
T
HE spinal cord of small laboratory animals is frequently studied microscopically under experimental conditions. The bone canal and musculature surrounding the cord complicate this study by inhibiting the penetration of fixatives and allowing early postmortem changes to occur. Attempting to speed fixation by dissecting the unfixed spinal cord has also proved unsatisfactory due to unavoidable mechanical tissue trauma. Many investigators have turned to perfusion techniques in order to reduce postmortem degradation and to rapidly inactivate all enzyme systems. Although superior to the other techniques used to date, perfusion fixation has the disadvantage of being far more demanding in time and technical skill.
High-power microwave tissue fixation has been used effectively in the study of cerebral neurotransmitters (where rapid fixation is imperative) and more recently for pathological specimens. 4'12 In this study, the efficacy of microwave fixation of the spinal cord while it remained in the spine was examined by comparing the morphological preservation and technical difficulty of that procedure with those of immersion fixation alone, dissection of the cord followed by immersion fixation, and perfusion fixation.
Materials and Methods

Immersion Fixation
Adult male rats were heavily anesthetized with ether and decapitated. The midline dorsal spine was split to expose the spinous processes of the thoracolumbar spine. With heavy scissors, two cuts were made through the spine, and the ribs were cut on each side of the spine. The resulting block of tissue contained the paraspinous muscles, the spine, and the spinal cord. The tissue was either placed directly into Bouin's fixative (containing 5.2% formaldehyde, 10% acetic acid, and 75% saturated picric acid) for 24 to 48 hours and then dissected from the bone canal, or was immediately dissected from the bone canal and immersed in the fixative. By either technique, once the cord was fixed, it was embedded in paraffin, sectioned at 7 u, mounted, and stained with hematoxylin and eosin. The average dissection time was 2 to 3 minutes.
Perfusion Fixation
Adult male rats were heavily anesthetized with ether. The chest cavity was opened and a hypodermic needle inserted into the heart to permit perfusion with 200 ml of Bouin's fixative at room temperature. A block of spine similar to that obtained for the other fixation techniques was then removed and placed in Bouin's fixative overnight before the spinal cord was removed. The spinal cord was then processed for paraffin fixation. The average set-up and dissection time was 1 hour.
Microwave Fixation
Blocks of tissue from adult male rats, similar to those described for immersion fixation, were rapidly har- vested with the spinal canal and paraspinous muscles intact. The tissue was placed in a beaker containing 100 to 200 ml of Bouin's fixative and put in a conventional temperature-controlled microwave oven (600 W). A temperature probe was placed in the fixative (not in the tissue), and various specimens were heated to 60", 65", 70", 75*, or 80"C for 1 to 20 minutes. The tissue in the fixative was allowed to cool overnight at r o o m temperature. The next day, the spinal cords were dissected and processed for paraffin fixation. For comparison, other tissues were microwave-fixed in saline alone before dissection. The time required for dissection and microwave fixation was 2 to 3 minutes.
Morphological Comparison
Longitudinal and transverse 7-/~ sections of the fixed spinal cords were stained with hematoxylin and qualitatively evaluated by light microscopy.
Results
In all cases the microwave-fixed tissue was at least comparable in clarity and absence of artifact to perfusion-fixed tissue and the tissue quality in m a n y specimens was better. The microwave-fixed tissue had uniform fixation along the entire spinal cord, whereas the perfusion-fixed cords occasionally demonstrated focal areas of poor fixation with shrinkage of neuronal cell bodies and white-matter disorganization. The minim u m temperature and time for microwave fixation appeared to be 60"C for 1 minute. However, these were not critical variables, and temperatures as high as 80"C and times as long as 20 minutes also gave satisfactory results.
The immersion-fixed tissue ( Fig. 1 ) exhibited retraction artifact in the form of distorted white matter tracts and cysts, thought to be secondary to postmortem degeneration, so that the quality of the sections was poor. In m a n y cases, also, the myelin sheaths and cell margins were indistinct compared to their appearance in the perfusion-fixed (Fig. 2) or microwave-fixed (Fig.  3) specimens.
The tissue fixed by microwave exposure in saline alone had excellent histological clarity, but the microwave treatment did not harden the tissue, and therefore postfixation extraction of the cord from the spine was more difficult.
In immunohistochemical studies routinely performed in our laboratory using a monoclonal antibody against the 70,000-kD heat shock protein,* the tissue antigenicity was qualitatively comparable among all three fixation methods, with no loss of antigenicity following microwave exposure.
Discussion
Microwave energy heats tissue by exciting water molecules, which distributes heat more evenly and more rapidly than does heating by conduction. In 1970, Mayers ~~ described fixation of kidney, muscle, lung, and liver in a low-power microwave generator (200 W) by directly exposing the tissue to the microwave radiation without immersion in water or fixative. Gordon and Daniel, 2 using direct exposure to microwave in air to fix human tissues, noted some drying at the surface, but they believed the rapidity of the technique made it worthwhile.
High-power (7-to 10-kW) microwave fixation, because of its speed, is primarily useful in studying brain levels of substrates where rapid inactivation of enzymes is required. Lenox, et al., 4 in 1977 and Schneider, et al., ~2 in 1982 used whole-head microwave fixation over ultrashort (200-to 500-msec) times to study cyclic adenosine monophosphate levels in the rat brain. In another study to examine ~,-aminobutyric acid levels and compare liquid nitrogen fixation and microwave fixation of various brain regions, Balcom, et al., 1 could detect no differences in levels between the two methods. Other neurotransmitters, such as dopamine, norepinephrine, ~ catecholamines, and indoleamines, were also successfully and reproducibly studied with microwave fixation. 3 Microwave tissue fixation has currently evolved to include immersion of the specimen in water for more accurate control and distribution of heating and for elimination of surface drying. Login v fixed both autopsy and surgical tissues by immersing them in saline and microwave heating them to 60~
Others have fixed large pieces of various organ tissues by immersing them in an aqueous medium and then heating them to between 67* and 74~ 6 Our tissues fixed by microwave exposure in saline had excellent histological clarity but were not rigid which would make dissection more difficult. We have also used 10% formaldehyde as the immersion solution for the microwave-prepared tissues instead of Bouin's fixative, with comparable results. In order to make the cord easier to remove from the bone canal, we recommend a period for postfixation tissue hardening (overnight).
Microwave tissue fixation is an excellent means of quickly preserving tissue and has been used for both light and electron microscopic studies. 5"9 The cellular antigenicity for antibody localization also appears to be well preserved, 8 except in cases of extremely labile antigens. 5
Conclusions
Microwave fixation offers a method of spinal cord fixation that provides rapid enzyme inactivation with reduced tissue degradation and preservation of tissue form comparable to perfusion techniques. Microwave fixation has the advantages of being much simpler and far faster than the perfusion technique, and it is performed with a standard, relatively inexpensive, easily available oven.
